Qe Advisory

US.Department C " |

of Transportation

Administration

saljjet: NO SE ARATEMENT -FORY Dase: 614187 AC No: 91-66
HELI COPTERS Initisteadiltyy:  AFS-840  Chuiige:

1. BURROSE. This advisory circular (AC) presents guidelines intended to assist
pil of's, operators, nasayEys; Sarshdobérerinteressticp@eramsnin ihkeestaiillishment
of effective noi se reduction ocedures when gperdtiimg helicepienrs. [t 1S by no
- mans total |y compeghassiree. wever, when the flight procedures and

outlined herein are fol | oned, signifi c.ant noi se abatesssnt- Wi | | be achi eved, and
public acceptance of heli copter atiions shoul d be enhanced in noi se-sensiti ve

areas |
20|  RELATEDRENDINGVPAFRRPAL .
a. AC 81036C, VER Flight Near Noise-Sensitive Areas. .
b. &2 150/50241, Noi se Controll and Capatiibiiliity Pl anni ng f or Airrss.
e. AC 150/502b-22, Noi se Assssmarit QUi del i nes for NewHel i ports.
The above Advisory Circul ars are free andaaeailaile framntthe
U S. Departnent of Transportation, Uilization and Storage
Section, M-4822, Washi ngt on, DC 20590
d. FELy Neighborly Guide, published by the Helicopter Association

IAterpait meal, 1919 Duke Street, Alexandria, VA 22314; (703) gaB8~-464&. This
publicationis free except for postage

e. Federal Aviation Regul ations (FAR) Part 150. (For sale- by the
Supenirepotisnt off Bocumehss, U S. Goeraimeit Printing O fi ce,
Washi ngt on, DC 20402.)

£. The FRA O fice of Enviremmsit and Energy has i ssued technical reports
cont ai ni ng heI i copt er noi se measuremeni//fflight t est data. These data reports
are catpiled for s@rmsFem fic types of helicopters. The Office of Envircmmsnt
and Energy al so has published FMAFEE88522, Avi ation Noise Effects. (Contact
National Technical Informdtion Service (NTIS), Springfield, VA 221@L, or FAA
O fice of Enviremesnt and Ener gy, Noise Abateneat Di vision, AMEE-100,
800 | ndependence Avenue, SW Washi ngton, BE 20591.)

30  BATHEROUED.

a. The Federal Aviation Adm nistration (FAA) eshtinedllly recei ves
conpllaints concerning Tow fTying aircraft wer noi se-sensitive areas. These

canpllaiints have prampted requests for regul atory action whi ch wedld prohibit | ow
altitude flight owar certain identified noise-sensitive |ocations.
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b. FAR Part 36, as adcpe=l in 1969, does not address rul es applicable to
helicopters Tdentified herein. However, since 1969tthe FA\ras consi der &

adopt i ng exi sting noi se standar ds f or alraxaét ttthaatwadldadffect t fhe dtodh
of all helicopters. After careful evalustiamelf theesmnanici ingaet t he
caidated antopash isvaohldhaveasn helicgbeess, theseprgesal s\esnsiwitticrawn .
TheFAANRE cont inueddto anitivel y study tthel 4sa18ss surrourriiingy not se adilsd it

I n eoettion wWith the certification and operation of héliegpesrs and t o cempiille
tedhnican|dhth aom moiise aibatenaniti bmran effart tonsachaae gt asible sol ut i on ko
the acoustical imset on the public.

41  OPERAXTONNAl auties I IFERAETDONS .

a. Qperator/Pilot Responsibilities. Oneof thegyesitesitchhl bagsss f aci ng
t he heliicobesr indlustiryisggaimimgppbblic accept ance of thehkeliegstsr. The
helicopter is considered anti-social by sdii@ segnents of the public. [|n mmg
cases, acceptance of helicajpietr operatticnsi $st hwar t ed by araaggyy, soasetinas
unimfermed edmfinity who fear the perceived noise and safety bams i nher ent
with helicopters. Publi ctreaatioh anta asiise @evivorient depends | Ry
cesiplex physical, ecomesiez, and psychol ogi cal factors. Therefore, it isupto
the operator to educate the public about the safety and useful ness of the
helicopter and to equip the aircraft with sound-suppressing devices wkien they
are available and needed. The pilot can make the public less hostile to the
helicopter's day-to-day emratdarss by being aware of noi se-sensitive routes and .
areas and by flying the helicopter in such a way that the sound of thé airerst
causes the least possible annoyance to the public.

b. The Source of Noise. The acoustticadlingact odf a helicgpear i s a
functi onof the size anditthet yyre off powerpliantSelings watl lag shdrexamattodt
the rotor blades through the atmosphere as they produce lift. Turbine-wed
helicaptsss are general I'y qui et er t han pissérerpowanst helieabters wi t h nuf f | ed
engi ne exhausts, Tutbine-psxreddhel i copters preducessomdsof t ennol ouder
than famliar surface transportation vehicles. The acoustical signature or
sound of a helicopter is also due in part to the mb&hdtiidn of sound by the
relatively siw%mmtr% mai nrotor system- Thi s mddalatéoa attracts attention
faoh as a flashing |ight attracts attention by being msre conspicuous than a
steady one. The no@hkdted sound is often referred to as blade slap. For a
t?/p| cal helicopter, blade slap occurs dur|ngh partial power descents or when a
bl ade intersects its cwmnuartexxsystemar t hat of another bl ade. when this
happens, the blade experiences rapid changes in angle of attack. Either or both
Flmmnmmgenerat essound. Blade slap is also generated during high speed

evel flight due to a shock ferwmatioen being created emtdne advancing bl ade tip.
This md&3 of flight shoul d be avoided. This alone is an effective noise
abatemanit opextiting procedurk | n popullated (noi se-sensitive) areas. Figures 1
and 2 display typical noisy flight operational sdess for [ight and fRddium weight
helicopters. —Perceptibl e, obatrimavss, and maximum slap areas should be avoi ded
by the conscientious airman, One method would be to reduce airspeed 10 to

20 persantt belanmormhL rarudsiny speeds.
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FIGURE 1. MAIN ROBOR BIADE SLAP BOUNDARY-~BYPIGAL [IGHT HEI@EOPTER
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FIGURE 2. NOISY FLIGHT OPERATIONS--TYPICAL MEDIUM HELICOPTER
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f e. dSound Measurenent. Numarous méhiaslis are usedt tsldetatmin@t hei ntensity
of sound.

(1) Sound levels in the commumiity are often expressed using aunit
cal | ed t he A-weigtitest sound | evel .  The term "weighted" refers to the filtering
or Righting of sound to sinulate the response on the humam ear. Since high
frequangy sound i s nbee readily perceived than Low frequency sound, this unit of
mesaseneit iflilesrs or wei ght S t he soundardt copisddess howithe hintin ear
responds t o cembinatiensof different pitch. The A-weighted sound levell is
referred to as dBA or by the nore recent term Am.

(2) Sound sxpbsue= | evel ERI) | s a me=astemertt of the total ampunt of
t he soundener gy (durati on andnaggnitads) frama si ngl e eventt andeaxpmrssed i n
deci bel s MB).. The sound exposure level is A-wedbitted and is used in
cal culating the helicopter noise eontributiion to the equival ent sound | evel
(teq) and the day-night sound | evel WlL).

(3) The average sumof all noise events for a given period of timeis
cal | ed equi val ent sound lLevell or Legr. The ward equivalent is used so that a
fluctuation sound | evel during a specified period of time can be eofsired to a
steady sound level for the same period of tine. The purpose of Legis to
provide a singl e aamde\lal ue noi se weasprEmIt of community noi se exposure over,
a specific period of time. EEEr

(4) The day-niighit sound | evel UMiM), is al so expressed indB. It is
the sum of sound exposure for agiven period but considers night penalties for
i ncreased annoyance factors of a -unity. It is simlar tolbsy, themsin
di fference being a 10 48 correction factor wich i s applied to nigitttime
(16 p.m to 7 a.m) sound levels to account for increased annoyance during the
night hours. The day-night sound | evel was introduced as asixplle n&tted for
predicting the effects on a EOp\hBet@iml of the averagel ong-term exposue t 0
enviimmnmentad1noi se. |t can be derived directly fiom t he A-iedhited sound | evel .

(5) Fii%un:e 3 depi ct s nmasured noi se | evel s expressed i n dB as »oueaxeh
to sene ground vehicl es.

FI GURE 3. TRENDOF HELIGHIPHERNOISELENEXS INNGB
(These | evel s are not-A-weiyghedd, averaged,or ot herw se corrected.)
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d. Meteorol ogical conditions have a bearing on helicopter noise. A pilot
may be able to adjust his flight schedule to take advantageof such conditions
when noticeabl e. -Wnd carries sound in the direction toward which it is blow ng
and meies abbakgrountd moiseaf i t S own whi ch t ends tolewerttte surface
annoyance fact or of helicajter hoise. |n same parts of the wotl, the wind
di rectionsarepredict abl e onanesarddailpiasss. Wien pi | ot s areavareof tine
surface wind directionand vel ocity, helicmgtezs shoul d be | ess ebfjectiionably
. Waf\L1ight operations are conducted downwi nd of popul ated or noise-sensitive
arkas. The direct effect of humdity on semd propagation is of little
inpertanese, eer t han the attenuation of high frequency sound. Humdity, in
the formof visible noisture in the air (fog, drizzle, light shew), should be
used 'by the pilot as an indicator that the wind gradient is smll, resultingin
i ncr eased sound prapegritioon. .Léwthd, hi gh-hum dity conditions warrant the use
of noi se abatemanit pr ocedur es.

5. OPERMTINZIRERROBTETLY

a. Reeogiize noi se-sensitive areas and avoid them b% flying as high as
practical. Sound atfenuates relative to the square of the distance to the
keceiingsr. |f the altitude i s &obbbsli, the sound reaching the surface is a
fraction of what it was. Increasing altitude is probably the mest effective
feedrs of noi se absitemeeti. LOWT|ying creates the wasst probl emeven though

t he sound feetpriint i s smaller. Avoiding these aress by a | ateral offset. .of
1,000 f eet or more i n conjunction with the higher altitude adjjustrerit-inill
reduce or possibly elimnate noise conpllaiintts. An increased number of exposures
to noise sensitive areas wll increase the Legy.

b. Noi si est apppeadtess occur in the 556 to 65-knet airspeed range and at a
4006 to 800-Feot per minute rate of descent. Pilot actions which can be taken
to avoid most of this type of noise include:

(1) Wen practical, leave the |ast 1,000 feet of altitude at 10 to
15 knots higher airspeed than normal.

(2) Keep rotor torque as low as practicable, consistent with safety.

(3) Tune out maim rotor bl ade-slap impuises with cyclic and col | ective
by operating at airspeeds and rates of descent that keep the aircraft outside of
areas that are identifiedas areas that produce blade slap.

. _(4) Use sound sHasdmertt f| i %ht t echni ques when they have been
identified as being quieter for conducting approaches.

c. Noiss erestat agtbyti tehiRiobtst piher operdat ingadtad divwar or on't he
gr ound can bediiwetedasasy Eranttheppppiiee Dy T ur ni ng the qu Btesitogadaaant
In the direction of congestion. Noise directional angles can be determned by
very siixplly wal king around the helicopter when it is operating and identifying
the (b Rétesit] yeddaant .
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d. Landimgs on grass or dirt areas are better than hard surfaces such as
concrete. The soft path evetr which sound travel s reduces sound | evels.

e. Anbient noiseis a empdsies of sounds frem many sources (Automobiiless,
trucks, buses, motereyeiles, construction noise, aircraft, etc. ywithin an area
and continually varies wth time@ as a result of different lefelsof activity.
Thi s activitr changes with the time of day, day of the week, and the seasons.

Ah example of an option available to a pilot wodld be the use of a Eressy route.
This weldld keep the aircraft noi se over a high anmbient noise area wiich wuxd
cause less of a sound contrast, This woulldxeseshit, in m&dt cases, inless

_ etotther esi dent sbelaw. A depiction of-relative anbient noise levels
IS s @h theodtairith BeDow.

FIGHHE 4. AMBI ENT NO SE (Wbt corrected or welighited))
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£. The noise footprint of a helicopter is described as a ground contour of
equal sound Tevels and 1s relative to the anbient noise |evel that exists on the
surface over which the aircraft is operated. Pilots should consider this factor
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when planning a flight over noise-sensitive areas. The ground noi se pyissure
footprint contour can berssticedcenss idieirably agdd@ppitesi i n fi gure 5Dy using
the noi se abatessit approach procedure. Wen the footprint is smiil and a
waterway is an available route, it often will absorb the worst noise.

FI GURE 5. SURFACENOISE -EREPOSUNE GOOTERINT
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9. Most hefiicopter manuf act urers t oday publ i sh noi se abates@at procedur es
as a #Scblemdt T0 their TT1ght manuall for each specific helicopter. Such
procedures nerndlly are categorized as General, Takeoff, Static, Bmreuite, and
Api)roach and describe the manner in which pilots can operate their specific
hel'icopter in the quietest way. Additionally, nbst nanbfedtirers have an
acoustics department that studies the noise inpaet of each make and mexdl.

erators are encouraged to mnele omitat Wi th these m& inorder to keep
their know edge current on specific methods of noise and to continue
efforts to reduce public noi se ecnglainis.

“h. Aircraft desien is a factor under constant review as it pertains to fisr@
efficienf norse reductron, Manufact urers haweecmadtenh fr advancementsinair-
craft and rotor systemdesigns. However, aircraft and rotor system cannot be
modified to elimnate objectionable noise totally. Helicopter noise intensity
isdirectlyproportional tokélicwptat Meddtit. Wile the munSee o[ maj n rotor
bl ades may change the frequency of noise, the perceived noise Itself w PI Femh in
basi cal |y t he sani.
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6 STATICMOBS®. Static operational nodes for the helicopter can often be
adj ust ed t 0 reduce noi se.

a. If the aircraft is equipped with a piston engine and exhaust pipes that
direct exhaust ggases i N areeamaird direction, noise will be greater to the rear
of the helicopter. Wien gpexdtiing imareas wheret bissren aeé alayggr qupps Of
peopl e, t he alrarasiftcsikddbe parketiwitihtther ssarobf the helicopter paoirtsst in
a direction away frean them | f youlteaeobbbemiised besrmined! BRi0 e t
I s noi si er than anot her, theqmiiter one shouldlibeppoivited tayarditthe cr owd.

b If an airman intends to park a helicopter at a specific |ocation for a
long period of time with the engine running (rotors turning), noise &ouxd be
r educedbyr educi ngengiinecamtl rotar RPMf fraxmnnoxmmall coparat intg R teaa athduedd
speed or to ground idle. The approved flight manual or geesatsr's manual shoul d
be consulted to assure that there are no restrictions to prolonged reduced RPM
operation. Transm ssionor engine oi |l pressure fiminarval wasnust e obser ved.

7 BENEFUTSO The benefits of quiet operations are unlimted to pilots and
those oen the surface as well. Sem@ of themare:

a. The need for noise-related regulations is reduced.

b The kedlicegpter as abusi ness tomll wolldbesniers cepéphabi toa
C-unity where noise is mdst objectionable. 0!

e. Point-to-point public transportation woul d be i@aveed.

~ d. Pelliiess, fire, public safety, and mddeall services woul d be enhanced, and
1ivesswanidiresaved.

e. Auto traffic my be re-reuted over nbre desirable routes during peak
rush hours because of radio station helicopter traffic reports.

- f. Television news crews sy bring the newswrthy activities for public
vi ew Asre rapidly.

g. Public acceptance of helicopters eventual |y wedld result in an increased
somdsk of aircraft available to a eaminity in the event of a natural disaster.

8. PLans ANDPpOLICHRS. The FRA encour ages eemplisnte with the good nei ghbor
ﬁemam establ 1 shed by prof essi onal helilceptesr associ ati ons concer ni ng
elicopter sound. Discussions of policy objectives are encouraged throughout
the industry to continue efforts to hettﬁwgter sound | ess obj ectionabl e.
The FRA is continuing week to devel op a heliipekt noi se Mlel. More work is
being done to quantify noise. Standard protocol is being develaped for noise
reasueenenit along nommell heliegiter appr oach pat hs. Addi tional noi se abatement
operational procedures will result fromthese studies, which will be nmade public

upon conpletiiain.

>
T. Brenn

Acting DDrEeoar of Flight Standards
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